Objectives-An epidemiological study of 90 male pesticide applicators licensed in New York was conducted to investigate the effect of exposure to organophosphate pesticides on the peripheral nervous system.
targeted for the study. Applicators were eligible for the study if they had a current pesticide applicator licence, were scheduled to spray in the next growing season, and were located in the 11 south eastern counties.
Pesticide applicators were recruited in south eastern New York by post, announcements in the Cornell University extension newsletter, visits to area farms, and during horticultural and agricultural meetings.
Population based controls individually matched to applicators on age (±1 year), sex, and county of residence were identified through the Department of Motor Vehicle (DMV) records and were recruited by post.
Among Acute symptoms of exposure to organophosphate pesticides were identified from answers to questions about 22 signs and symptoms such as blurred vision, headache, diarrhoea, dizziness, and unexplained sweating. For each symptom, it was asked whether the subject had ever experienced that symptom, when the symptom was first noticed (year), and whether he was currently bothered or affected by that symptom. These questions were asked both on season and off season. The total number of symptoms reported among pesticide applicators both on and off season were compared. The number of symptoms reported by pesticide applicators on season was also correlated with the concentration of urinary metabolite collected during the same on season time period.
STATISTICAL METHODS
Statistical tests performed compared 68 pesticide applicators with 68 individually matched population based controls for vibration threshold sensitivity for all extremities (right and left index finger and right and left great toe). The mean (SD) vibration threshold sensitivity was determined for all extremities. Pairwise (one tailed) t tests, with a = 0 05, were used to test whether there was a significant difference in vibration threshold." 12 None of the vibration scores were normally distributed. Therefore, the scores were transformed to log microns.'0
The second separate hypothesis tested determined whether there was a significant difference in the number of reported symptoms among pesticide applicators off season and on season. McNemar's tests were performed on the individual on and off season responses of 81 pesticide applicator pairs." Twenty two acute symptoms related to organophosphates were tested. The discordant pairs provide the point estimate and 95% confidence interval (95% CI).
Results
Ninety male pesticide applicators licensed in New York State who spray apple orchards and 68 population based controls agreed to participate in the study. Table 1 shows the age distribution and other demographic characteristics of the 68 applicators and 68 individually matched population based controls. The sociodemographic characteristics and current alcohol consumption were similar among applicators and controls (table 2) . Controls reported significantly more neurological disorders and alcoholism than applicators (table 2) . Applicators reported more kidney disease than controls but these differences were not significant. Protective clothing and devices were used by some pesticide applicators, 93% of the applicators used some type of head covering more than half the time; at least 60% of the applicators used overalls and rubber gloves more than half the time; about 35% used respirators or rubber boots, or both, and about 35% have tractor cabs. Tractor cabs are enclosed quarters on the tops of tractors; some are air conditioned enclosures and some are not. Table 4 shows the total number of tanks loaded, acres and hours sprayed, and the average amount of DMTP recovered in parts per million (ppm) from urine samples. As expected, DMTP recovered from on season urine samples increased with increasing number of hours sprayed, acres sprayed, and tanks loaded.
CHRONIC EFFECTS
The mean difference for the paired dominant and non-dominant hands was significant with the applicators having higher vibration threshold sensitivity scores than population based controls (table 5). The mean difference for paired dominant and non-dominant feet was not significantly different between applicators and controls. Pesticide applicators had higher vibration sensitivity scores than controls indicating poorer performance.
The paired t tests were repeated after eliminating applicators and controls who reported diabetes and carpal tunnel syndrome and results were essentially the same. The difference among applicators and controls may have resulted from long term exposure to pesticides by farmers. This is a biologically plausible explanation. The peripheral nerves are accessible to toxins through the bloodstream; the blood nerve barrier does not protect the peripheral nerves. '4 Two studies in the scientific literature support the findings of our study. Svendsgaard et al investigated 229 male organophosphate production workers in Egypt and compared their vibration threshold scores with those of workers in nearby textile (n = 180) and fertiliser (n = 167) plants. 4 After controlling for covariates, vibration threshold scores measured in the non-dominant hand were significantly higher among pesticide formulation workers than workers in the other two plants. The vibration threshold scores of workers exposed to pesticides increased dramatically with increasing age but did not similarly increase among the comparison workers. The authors suggest that exposure to organophosphate pesticides accelerates the aging process of the nervous system.
ACUTE EFFECTS
In another study conducted by McConnell et al,5 vibration threshold in the hands and feet was evaluated in 36 subjects poisoned by organophosphates in Leon, Nicaragua. Results showed that the workers poisoned had significantly higher vibration threshold scores for all extremities than controls. Furthermore, vibration threshold significantly increased with increasing organophosphate exposure. In our study, mean vibration threshold scores for the upper extremities were comparable with the "poisoned" exposure category but were not as high as the "severely poisoned" category.
There are other explanations for the association between long term pesticide exposure and increased mean vibration threshold sensitivity, but these seem less plausible. Inadequate control of confounders may explain the significant differences between applicators and controls. Alcoholics among pesticide applicators may not have reported their alcoholism. Underreporting of alcoholism, however, may underestimate the effect of vibration sensitivity in pesticide applicators. It seems unlikely that pesticide applicators would underreport alcoholism at a higher rate than population based controls. The small number of applicators and controls who reported alcoholism may not provide sufficient power to determine the relation between the effect of alcohol and pesticides on vibration threshold sensitivity.
The significant difference between applicators and controls in the upper extremities could be the result of differences in height. Height was not measured in our study. Recent studies by Gerr et al13 have shown that height significantly predicts vibration threshold in the hands and feet, and these effects were substantially larger in the lower extremities, which had much higher variability than the upper extremities. In our study, vibration threshold scores in the feet were not statistically different. The lack of significant difference could result from a lack of sample size necessary to detect small differences in a highly variable measurement. In our study, sample size calculations for vibration sensitivity showed that 68 controls were required to detect (with 80% power) a 20% significant change (5 = 20%) The evaluation of short term exposure and acute effects showed that growers were exposed to guthion but did not show acute symptoms of organophosphate poisoning. Applicators reported headaches more frequently on than off season. Because several symptoms were investigated, it is highly possible that significant associations and increased point estimates have occurred by chance. In a more recent study by Ciesielski et al,'6 farmworkers (acetylcholinesterase concentrations <25-28 U/g) were three times more likely than non-farmworkers to report symptoms of diarrhoea after exposure to organophosphates. In our study, short term exposure was verified by recovery of the urinary metabolite DMTP. Among the 53 urine samples from applicators who had been exposed to guthion during the 1989 growing season, DMTP did not increase with increasing number of symptoms reported. The results suggest that the DMTP urinary metabolite concentrations we recovered do not have a dose-dependent relation with acute symptoms of organophosphate poisoning. Concentrations of exposure may not have been high enough to produce acute effects in pesticide applicators. The results of acute effects should be interpreted with caution because of potential reporting bias among pesticide applicators and the relatively low concentrations of exposure. Studies investigating the concentration of DMTP recovered in the urine that correlate with acute organophosphate symptoms need to be conducted.
There are several limitations in our study. We evaluated a small sample of pesticide applicators who sprayed organophosphates on apples during a particular growing season and time period. Our results from the small proportion of all licensed applicators may not be representative of the population of all licensed pesticide applicators in south eastern New York. Possible bias could have occurred if applicators who did not participate were more likely to have had neurological impairment, but the opposite scenario is also possible. Height was not included in our study and has been shown to primarily effect vibration sensitivity measurements in the lower extremities. '3 This may represent the lack of a significant association in vibration sensitivity from our study in the lower extremities. History of acute pesticide poisoning was not included in the study but has been shown to effect vibration sensitivity.'7 Licensed applicators who have been trained in the appropriate methods of mixing and spraying pesticides most likely have not been poisoned. Our study cannot determine whether past poisoning has effected vibration sensitivity.
The current study measured acute symptoms and chronic effects from loss of peripheral nerve function in licensed pesticide applicators. Loss of peripheral nerve function may not represent permanent nerve damage. Vibration threshold scores estimate the somatosensory function of the peripheral nervous system; this function can be affected by many factors, both intrinsic and extrinsic. It should be noted that pesticide applicators are also exposed to other classes of insecticides, such as carbamates and pyrethroids. Many fungicides are also used by apple growers during the early growing season. These conditions of exposure may be unique and not represented elsewhere in other occupational groups. Furthermore, the concentration of organophosphate exposure in the past is not known. Consequently, it is difficult to determine whether high enough levels of exposure have occurred over time to contribute to the apparent loss of peripheral nerve function. The validity of the study results are supported by the biological plausibility and significance of the effects. More studies are needed of pesticide applicators to further evaluate the relation between nervous system function and organophosphate exposure.
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